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light a constructional defect in the flying machines of his day. 
So too in science. Cautious Daedalus will apply his theories 
where he feels most confident they will safely go ; but by his 
excess of caution their hidden weaknesses can not be brought 
to light. Icarus will strain his theories to the breaking-point 
till the weak joints gape. For a spectacular stunt? Perhaps 
partly; he is often very human. But if he is not yet destined 
to reach the sun and solve for all time the riddle of its constitu- 
tion, yet he may hope to learn from his journey some hints to 
build a better machine. 



THE SCIENTIFIC STUDY OF ALLOYS 
By C. T. HEYCOCK 

PRESIDENT OP THE CHEMICAL SECTION 

IN 1897 Neville and I determined the complete freezing-point 
curve of the copper-tin alloys, confirming and extending 
the work of Roberts-Austen, Stansfield, and Le Chatelier ; but 
the real meaning of the curve remained as much of a mystery as 
ever. Early in 1900 Sir G. Stokes suggested to us that we 
should make a microscopic examination of a few bronzes as an 
aid to the interpretation of the singularities of the freezing- 
point curve. An account of this work, which occupied us for 
more than two years, was published as the Bakerian Lecture 
of the Royal Society in February, 1903. Whilst preparing 
a number of copper-tin alloys of known composition we were 
struck by the fact that the crystalline pattern which developed 
on the free surface of the slowly cooled alloys was entirely un- 
like the structure developed by polishing and etching sections 
cut from the interior; it therefore appeared probable that 
changes were going on within the alloys as they cooled. In the 
hope that, as Sorby had shown in the case of steel, we could 
stereotype or fix the change by sudden cooling, we melted small 
ingots of the copper in alloys and slowly cooled them to selected 
temperatures and then suddenly chilled them in water. The 
results of this treatment were communicated to the Royal So- 
siety and published in the Proceedings, February, 1901. 

To apply this method to a selected alloy we first determined 
its cooling curve by means of an automatic recorder, the curve 
usually showing several halts or steps in it. The temperature 
of the highest of these steps correponded with a point on the 
liquidus, i. e., when solid first separated out from the molten 
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mass. To ascertain what occurred at the subsequent halts, 
ingots of the melted alloy were slowly cooled to within a few 
degrees above and below the halt and then chilled, with the 
result just seen on the screen. 

The method of chilling also enabled us to fix, with some 
degree of accuracy, the position of points on the solidus. If an 
alloy, chilled when it is partly solid and partly liquid, is polished 
and etched, it will be seen to consist of large primary combs 
embedded in a matrix consisting of mother liquor, in which are 
disseminated numerous small combs, which we called "chilled 
primary." By repeating the process at successively lower and 
lower temperatures we obtained a point at which the chilled 
primary no longer formed, L e., the upper limit of the solidus. 

Although we made but few determinations of the physical 
properties of the alloys, it is needless to say how much they 
vary with the temperature and with the rapidity with which 
they are heated or cooled. 

From a consideration of the singularities in the liquidus 
curve, coupled with the microscopic examination of slowly cooled 
and chilled alloys, we were able to divide the copper-tin alloys 
into certain groups having special qualities. It would take far 
too long to discuss these divisions. In interpreting our result 
we were greatly assisted not only by the application of the phase 
rule, but also by the application of Roozeboom's theory of solid 
solution (unfortunately Professor Roozeboom's letters were de- 
stroyed by fire in June, 1910) and by the advice he kindly gave 
us. At the time the paper was published we expressly stated 
that we did not regard all our results as final, as much more 
work was required to clear up points still obscure. Other 
workers — Shepherd and Blough, Giolitti and Tavanti — have 
somewhat modified the diagram.' 

Neither Shepherd and Blough nor Hoyt have published the 
photomicrographs upon which their results are based, so that it 
is impossible to criticize their conclusions. Giolitti and Tavanti 
have published some microphotographs, from which it seems 
that they had not allowed sufficient time for equilibrium to be 
established. In this connection I must call attention to the ex- 
cellent work of Haughton on the constitution of the alloys of 
copper and tin. 1 He investigated the alloys rich in tin, and 
illustrated his conclusions by singularly beautiful microphoto- 
graphs, and has done much to clear up doubtful points in this 
region of the diagram. I have dwelt at some length on this 
work, for copper-tin is probably the first of the binary alloys on 

1 Journ. Institute of Metals, March, 1915. 
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which an attempt had been made to determine the changes 
which take place in passing from one pure constituent to the 
other. I would again call attention to the fact that without a 
working theory of solution the interpretation of the results 
would have been impossible. 

Since 1900, many complete equilibrium diagrams have been 
published ; amongst them may be mentioned the work of Rosen- 
hain and Tucker on the lead-tin alloys, 2 in which they describe 
hitherto unsuspected changes on the lead rich side which go on 
when these alloys are at quite low temperatures, also the con- 
stitution of the alloys of aluminum and zinc ; the work of Rosen- 
hain and Archbutt, 3 and quite recently the excellent work of 
Vivian, on the alloys of tin and phosphorus, which has thrown 
an entirely new light on this difficult subject. 

So far I have called attention to some of the difficulties en- 
countered in the examination of binary alloys. When we come 
to ternary alloys the difficulties of carrying out an investigation 
are enormously increased, whilst with quaternary alloys they 
seem almost insurmountable; in the case of steels containing 
always six, and usually more, constituents, we can only hope to 
get information by purely empirical methods. 

Large numbers of the elements and their compounds which 
originally were laboriously prepared and investigated in the 
laboratery and remained dormant as chemical curiosities for 
many years have, in the fulness of time, taken their places as 
important and, indeed, essential articles of commerce. Passing 
over the difficulties encountered by Davy in the preparation of 
metallic sodium and by Faraday in the production of benzene 
(both of which materials are manufactured in enormous quan- 
tities at the present time) , I may remark that even during my 
own lifetime I have seen a vast number of substances trans- 
ferred from the category of rare laboratory products to that 
which comprises materials of the utmost importance to the 
modern metallurgical industries. A few decades ago, alumin- 
ium, chromium, cerium, thorium, tungsten, manganese, mag- 
nesium, molybdenum, nickel, calcium and calcium carbide, car- 
borundum, and acetylene, were unknown outside the chemical 
laboratory of the purely scientific investigator; today these 
elements, their compounds and alloys, are amongst the most 
valuable of our industrial metallic products. They are essen- 
tial in the manufacture of high-speed steels, of armor plate, 
of filaments for the electric bulb lamp, of incandescent gas 

2 Phil. Trans., 1908. 

3 Phil. Trans., 1911. 
vol. xi. — 20. 
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mantles, and of countless other products of modern scientific 
industry. 

All these metallic elements and compounds were discovered, 
and their industrial uses foreshadowed, during the course of 
the purely academic research work carried out in our universi- 
ties and colleges; all have become the materials upon which 
great and lucrative industries have been built up. Although 
the scientific worker has certainly not exhibited any cupidity 
in the past — although he has been content to rejoice in his own 
contributions to knowledge, and to see great manufacturing 
enterprises founded upon his work — it is clear that the obliga- 
tion revolves upon those who have reaped in the world's markets 
the fruit of scientific discovery to provide from their harvest 
the financial aid without which scientific research can not be 
continued. 

The truth of this statement is well understood by those of 
our great industrial leaders who are engaged in translating 
the results of scientific research into technical practice. As 
evidence of this I may quote the magnificent donation of 
£210,000 by the British Oil Companies towards the endowment 
of the school of chemistry in the University of Cambridge, the 
noble bequest of the late Dr. Messel, one of the most enlightened 
of our technical chemists, for defraying the cost of scientific 
research, the gifts of the late Dr. Ludwig Mond towards the 
upkeep and expansion of the Royal Institution, one of the 
strongholds of British chemical research, and the financial sup- 
port given by the Goldsmiths' and others of the great City of 
London Livery Companies (initiated largely by the late Sir 
Frederick Abel, Sir Frederick Bramwell, and Mr. George 
Matthey) , to the foundation of the Imperial College of Science 
and Technology. The men who initiated these gifts have been 
themselves intimately associated with developments both in 
science and industry ; they have understood that the field must 
be prepared before the crop can be reaped. Fortunately our 
great chemical industries are, for the most part, controlled and 
administered by men fully conversant with the mode in which 
technical progress and prosperity follow upon scientific achieve- 
ment ; and it is my pleasant duty to record that within the last 
few weeks the directors of one of our greatest chemical-manu- 
facturing concerns have, with the consent of their shareholders, 
devoted £100,000 to research. Doubtless other chemical indus- 
tries will in due course realize what they have to gain by an 
adequate appreciation of pure science. 

If the effort now being made to establish a comprehensive 
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scheme for the resuscitation of chemical industry within our 
empire is to succeed, financial support on a very liberal scale 
must be forthcoming, from the industry itself, for the advance- 
ment of purely scientific research. This question has been 
treated recently in so able a fashion by Lord Moulton that noth- 
ing now remains but to await the results of his appeal for funds 
in aid of the advancement of pure science. 

In order to prevent disappointment, and a possible reaction 
in the future, in those who endow pure research, it is necessary 
to give a word of warning. It must be remembered that the 
history of science abounds in illustrations of discoveries, re- 
■ garded at the time as trivial, which have in after years become 
epoch-making. 

In illustration I would cite Faraday's discovery of electro- 
magnetic induction. He found that when a bar magnet was 
thrust into the core of a bobbin of insulated copper wire, whose 
terminals were connected with a galvanometer, a momentary 
current was produced; whilst on withdrawing the magnet a 
momentary reverse current occurred ; a purely scientific experi- 
ment destined in later years to develop into the dynamo and 
with it the whole electrical industry. Another illustration may 
be given : Guyton de Morxeau, Northmore, Davy, Faraday and 
Cagniard Latour between 1800 and 1850 were engaged in lique- 
fying many of the gases. Hydrogen, oxygen, nitrogen, marsh 
gas, carbon-monoxide, and nitric oxide, however, resisted all 
efforts, until the work of Joule and Andrews gave the clue to the 
causes of failure. Some thirty years later by careful applica- 
tion of the theoretical considerations all the gases were lique- 
fied. The liquefaction of oxygen and nitrogen now forms the 
basis of a very large and important industry. 

Such cases can be multiplied indefinitely in all branches of 
science. 

Perhaps the most pressing need of the present day lies in 
the cultivation of a better understanding between our great 
masters of productive industry, the shareholders to whom they 
are in the first degree responsible, and our scientific workers; 
if, by reason of any turbidity of vision, our large manufacturing 
corporations fail to discern that, in their own interest, the finan- 
cial support of purely scientific research should be one of their 
first cares, technical advance will slacken and other nations, 
adopting a more far-sighted policy, will forge ahead in science 
and technology. It should, I venture to think, be the bounden 
duty of every one who has at heart the aims and objects of 
the British Association to preach the doctrine that in closer 
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sympathy between all classes of productive labor, manual and 
intellectual, lies our only hope for the future. I can not do 
better than conclude by quoting the words of Pope, one of our 
most characteristically British poets : 

By mutual confidence and mutual aid 

Great deeds are done and great discoveries made. 



WHERE DOES ZOOLOGY STAND? 

By Professor J. STANLEY GARDINER 
PRESIDENT OF THE ZOOLOGICAL SECTION 

THE public has the right to consider and pass judgment on 
all that affects its civilization and advancement, and both 
of these largely depend on the position and advance of science. 
I ask its consideration of the science of zoology, whether or not 
it justifies its existence as such, and, if it does, what are its 
needs. It is at the parting of the ways. It either has to justify 
itself as a science or be altogether starved out by the new-found 
enthusiasm for chemistry and physics, due to the belief in their 
immediate application to industries. 

It is a truism to point out that the recent developments in 
chemistry and physics depend, in the main, on the researches of 
men whose names are scarcely known to the public; this is 
equally true for all sciences. A list of past presidents of the 
Royal Society conveys nothing to the public compared with a 
list of captains of industry who, to do them justice, are the first 
to recognize that they owe their position and wealth to these 
scientists. These men of science are unknown to the public, 
not on account of the smallness of their discoveries, but rather 
on account of their magnitude, which makes them meaningless 
to the mass. 

Great as have been the results in physical sciences applied 
to industry, the study of animal life can claim discoveries just 
as great. Their greatest value, however, lies not in the produc- 
tion of wealth, but rather in their broad applicability to human 
life. Man is an animal and he is subject to the same laws as 
other animals. He learns by the experience of his forebears, 
but he learns, also, by the consideration of other animals in 
relationship to their fellows and to the world at large. The 
whole idea of evolution, for instance, is of indescribable value ; 
it permeates all life today; and yet Charles Darwin, whose 
researches did more than any others to establish its facts, is 



